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S

Motor TXPe

Fzilure Mode

Failure Causes

Probability of Failure
Occuring during
Solid Motor Firing

Detection

Remedial Action

Effects on Propulsion

Metneds for Elimination

Tailure Rate Reduction
selationship

Standard

Inadequate glass or
composite strength

(a) Filament Under-
strength

(v) Irregular Roving
Indexing

(c) Irregular Winding
Tension

(d) Irregular Cure

Total
Unsterilized . 00003
. 00005 .000038
Sterilized
.000063

Growth: Strain Gage

(1) Change motor C.G.,
Thrust Alignment

(2) Chamber Ruptured-
loss of thrust

(1) Increase Process
Control

(2) Increase number of
layers

Failure rate is directly
related to number of
gless layers and design

COMPONEN® FATLURE MODES AND EFFECTS
3
Component Chamber

Componenf Type

Glass Filament Wound

Standard Standard
Inadequate Igniter or - Igniter Joint/Seat
Nozzle boss strength . leakage

(a) Auminum under- (a) Joint Material Failure
strength » (v) O-ring Failure
(c) Attach Bolt Failure
(d) Boses/chamber bond failure

. 000006 . 000006
. 000006 . 000008

None None

(1) Leakage or burn thru (1) Leakage, burn thru-
reduced thrust reduced thrust

(2) Igniter Nozzle ejection (2) Igniter ejects producing
producing thrust spike thrust spike, loss of
& loss of thrust thrust

(1) Increase boss strength. (1) Increase Joint Strength
(2) Increase No. of Bolts

Failure rate is partially Failure rate is partially
a function of boss weight, related to joint weight
partially a function of and number of bolts.

margins. A previous study configuration

indicated that a tenfold

reductiocn_»f failyre rate

{from 1077 to 107° requirec

n increzse of 0.22 1b.

Fo RS

120 1b of propellant

2
cf total motor weight per

|
|
|

Standard Standard

Nozzle Joint/Seal
leakage

Inadegquate skirt strergth

(a) Joint Material Failure (a) Skirt Matl. Failure

(b) Attach Bolt Failure {b) Skirt/Chamber Bond Failure
(¢) O-ring Failure

(d4) Boss/chamber bond

failure
. 000006 . 000002
. 000008 . 000003
None Noneo

(1) Leakage, burn thru-

- reduced thrust

(2) Nozzle ejection-
thrust spike, loss of
thrust

(1) Change in Thrust Aliznment
(2) Chamber Rupture/Burn thru-
Loss of thrust.

(1) Increase Joint Strength(l) Increase Skirt Mat'l Sirength

(2) Increase No. of Bolts (2) Increase Skirt Bond Strength

Failure rate is partislly Failure is partly relatec tc
related to joint weight Skirt material weight.
and number of bolts.

Tstle 4
Skeet 2 of 11
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TABLE 8-D-1

! Sheet 5 of 6
IIA COMPONENT FAILURE MODES AND PROBABILITIES DURING SEVERAL MISSION PHASES
COMPONENT _pipPROPELLANT VALVE
Fatlure Modes Leakage, intergal (through valve Leakage, cxternal, [
seats) |
; -
Damaged seat - from vibration K-seal failure ‘
Contamination on seat (valve injector interface)
Failure Cause Button/seat misalignment
J Maximum Source Source Source Source
. | Ddrin Minimum -
PROTADILITY | poo =8 Expected | 15 x 106 | C-1and other o C-1 and Surveyor
OF FAl; URE S : Vernier Engine and
A 3 Confidence| 509, radiamic engine RMD valve expor
OCCURRING experience at RMD ) atve exper=
(Per Mission) rb#
C s Maximum
urveyor Mission During |Minimum 6
Coas Expected - "
uration €6 hrs oast C:ﬁ:’.d‘nc. 53% 10 0
iring
Time 223 sec
Throttle Maximum
ga.!'«]/e 180 At {Minimum 6
Sh} c‘ffs Startup |Expected | 10 x 10~ 0 "
uto Confidence| 50%
Valve )
:Cycles 3 = o
Maximum
C-1 Mission ing Minimum 6
ration | Expected 50 x 10~ 15 x 10~ "
Duration-Various Confideace | 50% 90 %o
Firiny
Time 1000 sec Maximum
s At Minimum .
T Shutdovu# Expected 15 x 10~ 0 "
Cycies 7000 Confidence| 50%

system.

1. Poessibilities for detection.
2. Remedial action after detection.

3. Effects of failure on propulsion
performance and interfacing

Reduced propellant tank pressure
None

Continuous propellant leak into
chamber

Reduced propellant

Close upstream valves

O/F ratio change
Loss of propellant

1. Methods for eliminating or reduc-
ing probability of failure mode.

2. Estimated reduction in failure
probabilities and estimated cost
and weight effects.

Extensive vibration and develop-
ment tests

3trict in-process controls and
development tests,

iy




]
o

.9999 to .99999)

(i.e.,

ACHIEVE FACTOR OF TEN INCREASE IN RELIABILITY
L
(@]

INCREASE IN COMPONENT WEIGHT REQUIRED TO

COMPONENT FAILURE/WEIGHT RELATIONSHIPS

Insulation

Glass (Case

Titanium Case

| | | ] | | J

100 200 400 1000 2000 4000 10,000
MOTOR SIZE (PROPELLANT WEIGHT - LB)



.10

.01

COMPONENT FAILURE RATE (PER TEST)
8
'-J

.0001

.00001

COMPONENT FAILURE/TEST RELATIONSHIPS

Failure rate remains
essentially constant after 20
tests. Fallures which occur
are due to human error, manu-
facturing or Q.C. oversights
or are random statistical in
nature due to chance combin-
ation of weak material and
excessive forces or loads.

Historical data for Solid

Motors (all components)
1964-1966

SD 850 Insulation (sterilized)

Failure Rate
decreases during this period as new
design type failure modes are
discovered and eliminated.

v-4 v-45 type insulation,
standard nozzle

-3224 propellant grain, pre-
quenc ottl.valv.

ANB-3066 Propellant grain,
extendable exit cone

id propellant igniter,
nozzle ejection thrust termination

Glass chamber
Maraeging chamber
Titanium chamber, liquid
injection TVC
] 1 ] 1 1 l\, j
0 5 10 15 20 25 35

NUMBER OF FULL SCALE TESTS
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PROPULSION R&D COSTS - MILLIONS

PROPULSION R&D COSTS

00r
ARES Hi P
c
70 - 0K
Lo
BIPROPELLANT C-1 27h Tests
270 Tests QO Apollo AJ-10
- Ao 2K
7~
100 Tests
()Tra.nss’t,a,ge/,+
8K 10
or
HYBRID MOTOR
15 Tests P Solid Motor
,/ RSVP Predicted 20 Tests
,/ 30 Tests
7~
Ly F
1 i i 1 i J
40,000 100,000 400,000 1,000,000 4,000,000 10,000,000

TOTAL IMPULSE - LB-SEC
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SUMMARY OF STERIL&ZATION DESIGN CONSIDERATIONS

Iﬁfluences on

Performance
Characteristics

Information
Category

Operating

Subsystem Conditions

Nozzle Qualitative None Current plasma

arc data indicate
an increase in
ablation or re-
gression rate of
plastic insulators
after steriliza-
tion. This effect
has not been
verified by motor

firing tests.

Plasma arc
data indicate
increase in
regression
rate of up to

ii5%.

Quantitative None

Technology or
Study Req'd.

Material

Selection

Special
selection of
some mater-
ials most
capable of
sterilization
will be
desirable.

Some materizls
that are nor-
mally used in
nozzles are not
suitable for the
sterilization
conditions.
These will be
replaced or the
design revised
to eliminate
them.

Weight

Increase in
plastic in-
sulator weight
1f increased
ablation or
regression
rate is
verified.

welght of some
plastic insula-
tors of up to
20% may be
necessary. (1)

Development
Time

Increase because
of more stress
and thermal
analyses and
sterilization
tests of com-
ponents and
subassemblies.

@]
™l
)
e}

c aeveaiop-
ment time will
increase 10 to
30%.

(1) A weight increase percentage less than the possible increase in ablation or regression rate is because a large
centage of the insulator thickness is for thermal insulation only.

Development
Cost

Increase be-
cause of
additional
analyses and
sterilization
tests.

Nozzle develop-
ment cost will
increase 10 to

h0%.

Tests of nozzle assemblies to determine the effects of sterilization conditions on interface
bonds and mating components are degirable.

Failure
Production Modes and
Cost Reliability
Increase Failure modes
if thicker will be the
plastic same as those
insulators for standard
and re- nozzles. A
quired or potential
if more reduction in
expensive nozzle reli-
materials ability re-
are re- sulting from
quired to heat cycling
replace effects on
materials interface
not suit- bonds, etec.
able for This potential
steriliza- reduction can
tion. te compen-
sated partly
by designs
that reduce
bond
stresses.
Production Insufficient
costs will data are
increase available to
10 to 20% estimate the
if thicker effects of
insulators sterilization
are re- on nozzle
quired and reliability.
5 to 30%
if more
expensive
materials
are
required.
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INFLUENCE OF STERILIZATION ON COMPONENT FAILURE RATES

Comgonent

Propellant

Chamber

Insulation

Nozzle

Igniter

TvC

Thrust Term.

Throttling Valve

Fxpected Failure Rate

After 20

Full-Scale Tests
nge Unsterilized Sterilized
ANB 3066 .00030 ———-
ANB 3289 -——- .000k45
ANB 3224 . 00045 .00056
Glass .00005 .000063
Titanium .00002 . 00002
Maraging Steel .00003 .00003
Vi, VL5 .00065 ————
sp850 ———— .00009T7
Standard . 00065 .00081
Extendable Exit .00030 .00037
Cone (only)
Pellet .00020 .00025
Solid Propellant .00020 .00025
Liquid Injection .00002 .00002
Nozzle Ejection .00020 .00020
(only)
Iiquid Quench-Nozzle
Ejection . 00045 .00045
Pintle Actuator .000k45 .00066
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GENERAL EXPER IMENT/WEIGHT ALLOCATION PROBLEM

) DATA FOR EXPERIMENT/SUPPORT EQUIPMENT

f

Expected
Worth Exp. i
(Velue of returned
data from exp.)

1) 1Infers a better quality and/or
more data per pound can be
achieved at increased costs

2) Probability-of-success fixed

Weight of Exp. and Supp. Equip. —

?

?

Probability of {
Success for Exp. i

1) Weight fixed

2) 1Infers higher cost (more develop-
ment or quality) can increase
reliability

Cost per Pound —

) OPTIMUM USE OF AVAILABLE WEIGHT

o

C.E.

Equiv. Weight in Mars Orbit (EOW) —

Bach increment of weight is allocated by comparing

3(C.E. 3(C.E.
A(C.E.) = —é——)” h MWorth) + -{—-;-a ooty ACost
d(C.E.
. _(_.;_ AP, 1)
d P(s) (8)

. RESULTS OF WEIGHT ALLOCATION

— .
Weights - Costs| P, ———"  Worth

= = — —
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S(RELIABILITY-PERCENT CHANGE)
O(WEIGHT INCREASE - POUNDS)

SUBSYSTEM WEIGHT/RELIARILITY TRADEOFFS
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TRANSMITTER
UP-LINK COMMAND
SYSTEM
1.0—
Examyle of Discrete
Desizn Changes to
Incrzase Reliability MISSION INFLUENCE COEFFICIENTS:
Jol— TITANTIUM
MOTOR CASE xXE  xE By xE i
IW™S W, .Y X w
1 1 1 1
GLASS - ———q op - XE Ry xr &
MOTOR CASE | B s Wt s
L0 b— | * * * *
|
|
RIPROPELLANT |
| PROPULSION SYSTEM e ——— e ———
ol o— == -——
3R
=) = .05 -.005
Voyager
L0l Retr
.00L—
CASE o ——— -
INSULATION
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Design Variation
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ACE

SUBSYSTEM WEIGHTICOST TRADEOFFS

.20
Titanium Tank Costs
A Propellant Tank Dia. = 45 inches
— Cost (Ave. 10 Units) = §£24£99
t° 3
015 =
1
Cost per Pound Allocated
— fzrtRellabillty Improve-~
.10 men 10,000 = K
Tank Wall Limit
for 20 psia
05—
67 1b
($92 )
0 | | | | | J
.010 .020 .030 .0k .050 .060

TANK WALL THICKNESS - INCHES

BOOSTER COST TO ACHIEVE WEIGHT:
Gross Wt/Payload Wt ~ 150
Cost/1b ~ 15
ACost = $1L5,000
Break even at K = $1000/1b
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